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ABSTRACT 
The aim of this paper was to compare the effects of two superovulation protocols (synchronization of the follicular 
wave (SFW), and natural estrus (NE) induction of embryos produced for transference in Holstein cows. Twenty 
cows were chosen as donors, with a body condition (BC) of 2.75-3.5; 40-60 months old; 1-2 previous gestation ser-
vices, and without reproductive problems. Two superovulation protocols were applied: SFW and NE. SFW was not 
observed to produce more embryos than NE in the blastocysts and morula stages. 
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INTRODUCTION 
The superovulation protocols imply risk and ef-
fort; they favor embryo transfer development for 
genetic improvement programs, with a significant 
increase in the production of transferable embry-
os. It has been demonstrated in several field in-
vestigations in dairy and double purpose cattle 
(Callejas et al., 2008; Bo, Guerrero, and Adams, 
2008). 
Progestogens and estrogens are combined for 
SFW protocols, similar to the method based on 
natural estrus as reference (Carballo et al., 2009; 
Baruselli et al., 2015; Soria et al., 2017). The 
SFW protocols used in combination with GnRH 
during artificial insemination (AI) enables ovula-
tion as a way to get a larger number of transfera-
ble structures (Chankitisakul et al., 2017). 
Regardless of the estrus cycle moment, and 
fixed-time and artificial insemination (FTAI), su-
perovulation has a positive effect on the commer-
cial application of embryo transference strategies, 
since they facilitate work protocols. However, 
certain problems (individual condition or high 
temperatures) that lead to the absence of ovulating 
response are still taking place. The most common-
ly used method to synchronize follicular wave 
emergence for SOV is parenteral application of 
progesterone and estradiol (Barros et al., 2008; 
Carballo et al., 2009; Baruselli et al., 2015). 
The goal of embryo transfer (ET) is to increase 
the number of progenies with high genetic value, 
using superovulation (SO) schemes through syn-
chronization of follicular waves (SFW), for which 
estrus is induced in the embryo donors and recep-
tors (Callejas et al., 2008; Bo and Mapletof, 
2014), in order to produce fertile oocytes from the 
donors, which are then inseminated. The resulting 
embryos are then transferred to receptors or are 
preserved safely (Becaluba, 2007). 
The aim of this paper was to compare the ef-
fects of two superovulation protocols (synchroni-
zation of the follicular wave (SFW), and natural 
estrus (NE) induction of embryos for transference 
produced in Holstein cows. 
MATERIALS AND METHODS 
This research took place in the province of Az-
uay, Cuenca canton, parishes of Tarqui, Cumbe 
and Victoria del Portete. Twenty Holstein cows 
were chosen and two groups of 10 animals each 
were made, according to their body conditions 
(2.75-3.5); 40-60 months old; normal estrus cy-
cles, minimum of 60 open days, and no reproduc-
tive problems, based on previous gynecological 
and ecographic assessments. 
Two superovulation (SO) protocols were carried 
out: synchronization of the follicular wave (SFW) 
and natural estrus (NE), in groups 1 and 2, respec-
tively, according to Soria et al. (2017).  
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Seven days after the first AI, superovulation 
was verified in the two groups by ecographic 
monitoring of the ovaries. Embryo collection was 
made according to the established technique: 
washing of perineal area, disinfection in the lum-
bosacral area, and application of lidocaine 
chlorhydrate for application anesthetics in the low 
epidural area. The foley probe was introduced in 
the vagina through the cervix, and the anterior end 
of the probe was directed to the ipsilateral uterine 
horn, where most luteal bodies are. The anterior 
end was placed 5 cm facing cranial position of the 
uterine horn bifurcation, then the balloon was in-
flated depending on the size of the cervix. 
One end of the probe was connected to the 
phosphate buffer solution (PBS) in “Y” position, 
and the other end was linked to the filter where 
the embryos were received. The filtered liquid 
was collected in a graduated container to measure 
the volume and make sure the output volume cor-
responded to the input volume. When the foley 
probe was in place, the mandrel was withdrawn, 
and it was connected to the free end of the tube in 
“Y” position. Washing was made with 50 mL of 
the collection medium (PBS) at a time (kept at 
37.5 ºC), the inlet clamp was shut when 500 mL 
were in each horn. 
The embryos were located using a diascopic 
light stereoscope, and isolated in Holding mainte-
nance medium, (Vigro™, Bioniche, Pullman, 
WA, USA). Quality assessment was made accord-
ing to the embryo classification parameters of the 
International Embryo Transfer Society. 
The descriptive statistics were obtained for the 
variables studied with 95% confidence interval, 
and the normality tests devised by Shapiro Wilk 
to determine data normality. The Student T test 
was used to compare the treatment means for in-
dependent samples, with or without homogeneous 
variances (Levine test). 
RESULTS AND DISCUSSION 
The three variables studied were distributed 
normally, according to the Shapiro-Wilk test for 
small samples; in all cases the values were (P 
<0.05) (within 0.114-0.952). 
Comprehension of the function of follicular dy-
namics and its self-regulation mechanisms is fun-
damental to understand the rationale of new alter-
natives for estrus cycle control in female bovines 
to ensure the best possible application of follicular 
wave synchronization, and be successful in bo-
vine embryo production and transference 
(Baruselli et al., 2006; Small, Colazo, Kastelic, 
Mapletoft, 2009; Amaya, 2010; Bo and Mapletof, 
2014; and Hasler, 2014). 
The protocol used for SFW includes monitoring 
of the follicular wave from the onset (emergence), 
to recruit follicles and prevent atresia with E2 and 
P4, and simultaneous growth of several follicles 
with FSHp to produce more embryos. A compari-
son of SOV, including SFW and NE for the num-
ber of embryos recovered, showed no significant 
difference in the means of four embryos in favor 
of SFW. A comparison of the highest values in 
the treatments showed that SFW produced six 
embryos more than NE (Table 1). 
These results coincided with the reports of Bo, 
Guerrero, and Adams (2008), and Steel and 
Hasler (2009). In that study, no significant differ-
ences were observed between the total embryo 
means for SFW and NE.  
Several superovulation methods exist nowadays 
to synchronize and control follicular wave, in or-
der to perform fixed-time inseminations (Bravo, 
2017). They have been tested in production Hol-
stein cows with acceptable results in terms of 
number and quality of embryos achieved, even 
with the possibility to combine them with sexed 
semen (Soares et al., 2011), thus allowing special-
ists to choose the insemination hours based on the 
expected ovulation time (Argudo et al., 2016). It 
corroborated these results, since the control of the 
follicular wave potential during ovulation and 
embryo collection were evidenced. 
Singh, Domı́nguez, Jaiswal and Adams (2004), 
and Vieira et al. (2014) observed that the number 
of follicles at the beginning of a follicular wave is 
positively correlated to the superovulating re-
sponse, and top quality embryos. The stages of 
cytological evolution in which the embryos are 
harvested, also play a part in this, coinciding with 
this research, where the highest quality and quan-
tity of embryos were obtained using the SFW pro-
tocol. 
No significant differences between the means 
were observed, regarding the number of blasto-
cyst embryos in the treatment means. During the 
maximum production of blastocysts, the SFW 
cows were more than two-fold higher than blasto-
cyst production in NE cows, which demonstrated 
the variability of individual conditions (Table 2). 
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The control of follicular wave emergence 
through ablation or dominant follicles, using vari-
ous treatments to achieve a new follicular wave is 
the most commonly used method of SOV, accord-
ing to reports (Bo, Guerrero, and Adams, 2008; 
Amaya, 2010; and Baruselli et al., 2015). Bo and 
Mapletof (2014) also reported higher efficiency 
resulting from total embryo transference to recep-
tors with blastocyst embryos in SFW, compared 
to NE. 
Pérez (2011) found amounts of transferable em-
bryos using experimental SOV. He pointed that 
the largest proportion of these embryos were first 
quality, which confirms the results of this study, 
regarding the total quantity of viable structures 
collected, and their quality. 
Spencer and Bazer (2004) said that morula is an 
early embryo stage consisting of a compact mass 
of blastomeres with populations of inner and outer 
cells. The former develop wall units that enable 
intercellular communication, and allow them to 
stay, developing cell-cell adhesion. 
No significant statistical difference was ob-
served for treatments in Group 1 SFW and Group 
2 NE in the morula stage, which demonstrated 
that the treatments were not influenced by this 
stage (Table 3). 
López et al. (2008) and Baruselli et al. (2015) 
suggest transferring intact morulae made of inter-
acting cells, thus allowing them to continue em-
bryo development. In this study, morulae were 
generated by transferable SFW and NE likely to 
be implanted.  
In this research, the cows that received the SFW 
treatment produced more quality blastocysts and 
morulae; therefore, they showed a better response 
to treatment, which is positively correlated with 
the quantity and quality of structures produced. 
These results coincided with Baruselli et al. 
(2006). 
Amaya (2010) claimed that a female donor can 
produce structures with preserved pellucid areas 
during the morula, compact morula, or blastocyst 
stages, after 6.5 or 7 days of growth. In the cur-
rent study, morulae were generated through SFW 
and NE, with no significant differences after sev-
en days. 
CONCLUSIONS 
SFW was not observed to produce more embry-
os than NE in the blastocyst and morula stages. 
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Table 1 Embryos achieved through synchronization of follicular wave (SFW) and natural estrus (NE) 
 Treatment 
Sig. SFW CI (95%) NE CI (95%) 
Mean SE± Med Min Max IL SL Mean SE± Med Min Max IL SL 
Total embryos 
(units) 
12 1.8 12 4 20 7.6 15.6 8 0.9 8 4 14 5.9 10.1 N/S 
N/S = no significant differences according to T-Student test (P = 0.095) 
SE = standard error; Med = median; Min = minimum value; Max = maximum value; CI = confidence interval 
 
 
Table 2 Number of embryos in the blastocyst stage through SFW, in relation to NE 
 
Treatment Sig. 
SFW CI (95%) NE CI (95%) 
Mean SE± Med Min Max IL SL Mean SE± Med Min Max IL SL 
Blastocysts 
(units) 
8 1.6 7 2 15 3.9 11.6 4 0.6 5 1 6 2.9 5.5 N/S 
  
N/S = no significant differences according to T-Student test (P = 0.07) 
SE = standard error; Med = median; Min = minimum value; Max = maximum value; CI = confidence interval 
 
 
Table 3 Effect of SFW treatment versus NE in the production of embryos in the morula stage 
 Treatment Sig. 
SFW CI 
(95%) 
NE CI (95%) 
Mean SE± Med Min Max IL SL Mean SE± Med Min Max IL SL 
Morulae 
(units) 
4 1.2 3 1 11 0.7 6.3 3 0.4 3 1 4 1.8 4.4 N/S 
N/S = no significant differences according to T-Student test (P = 0.57) 
SE = standard error; Med = median; Min = minimum value; Max = maximum value; CI = confidence interval 
 
 
